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Photolithography sample preparation
Following Vortman et al. 1 , a template device was fabricated using six layers. 1) A Si wafer was purchased with 1 μm SiO 2 , which was produced by thermal oxidation. 2) Au bottom contacts (150 nm) were deposited using electron-beam evaporation with 15 nm Cr for adhesion improvement. The contacts were made in a ladder-like template using standard photolithography to achieve several devices on the same sample. 3) An insulating layer of 150 nm Al 2 O 3 was evaporated or a 500 nm plasmaenhanced chemical vapor deposition (PECVD) layer was grown on top to prevent shorts between the different devices on the substrate. Using standard photolithography, various micrometric holes were opened in the insulating layer for the hybrid layer adsorption. (The precise sizes were 40×20\50\100\250\500µm. Any influence of the different sizes on the measurements was not recognized). 4) The studied hybrid layers of the self-assembled organic molecules and QDs were directly adsorbed on the exposed gold surface within the holes (further details will be described). 5) A second 6 nm Al 2 O 3 film as an insulating layer for tunneling was S2 evaporated using two steps of 3 nm each. The sample was taken out of the vacuum and exposed to ambient conditions after each 3 nm deposition to allow relaxation of the layer to reduce shorts in the final device 2 . 6) Au upper contacts (200 nm) were evaporated over the holes without an adhesion layer to prevent shortcuts.
Self-assembly of the organic molecules and QDs
The hybrid layers were fabricated using self-assembled 1,9-nonanedithiol organic molecules and 4.95 ± 0.25 nm diameter CdSe QDs (5 mg/mL). Both were purchased from Sigma-Aldrich. A three stage adsorption cycle was performed. 1) The samples were left in absolute ethanol for 15-20 minutes prior to adsorption. 2) The samples were then soaked in a 1 mM nonanedithiol in ethanol solution for 17-20 hours. The molecules serve as the linkers between the exposed gold contacts (in the lithographically opened holes) and the QDs. 3) Finally, the samples were soaked in a 1:100 diluted solution of QDs in toluene for 3-4 hours. After each soaking, the excess material was washed using a suitable solvent. The entire process was performed under an inert atmosphere.
The two-layered samples were immersed in two adsorption cycles. In the second cycle, the samples were immersed in the molecules and QDs for only 4 hours.
A reference sample was fabricated using 3.75 ± 0.25 nm diameter CdSe QDs (25 mg/5 mL, purchased from MKnano), after a 1:100 dilution of the solution in toluene was made. This sample was prepared using one step of dropping the diluted solution and letting it dry.
